INTRODUCTION
============

Hepatitis C virus (HCV) is a major cause of chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma.[@b1-gnl-13-191] The prevalence of HCV infection is approximately 2.8% and estimated 2.7 to 3.5 million people.[@b2-gnl-13-191] Patients on hemodialysis, with human immunodeficiency virus infection, and intravenous drug abusers are at high risk of HCV infection. HCV prevalence of in the hemodialysis patients is reportedly 7.8% to 44% in the world.[@b3-gnl-13-191]--[@b6-gnl-13-191]

Chronic HCV infection is associated with an increased risk of end-stage renal disease (ESRD).[@b7-gnl-13-191],[@b8-gnl-13-191] A high HCV RNA level and HCV genotype 1 are predictive of ESRD.[@b8-gnl-13-191] HCV-infected patients have a 23% greater risk of presenting with chronic kidney disease (CKD) compared to uninfected patients.[@b7-gnl-13-191] In addition, CKD patients with HCV have the risk of progression of cirrhosis, hepatocellular carcinoma, and liver-related mortality compared to those without HCV infection.[@b9-gnl-13-191] Therefore, active HCV treatment of patients with CKD infection is important.

The treatment of difficult-to-treat HCV-infected patients with ESRD is an important issue in clinical practice. These patients have more comorbidities and show a poor response to pegylated interferon-based treatment.[@b10-gnl-13-191] Furthermore, the prognosis of hemodialysis patients is worsened by HCV infection. Although patients with ESRD have the chance to receive kidney transplantation, ESRD patients with HCV is limited to this opportunity and are at risk of progression of the underlying liver disease because of immune-suppressive therapy in post-transplantation state.[@b11-gnl-13-191] Therefore, it is important to assess the efficacy and safety of new HCV therapeutics in subjects with renal impairment.

Direct antiviral agents (DAAs) are effective and safe in HCV-infected patients. A 24-week regimen of daclatasvir (DCV) and asunaprevir (ASV) was the first approval of DAAs in Korea 2015. This regimen yielded a post-end of treatment (EOT) sustained virological response at week 12 (SVR12) rate of up to 90% in Korean population; this represented an important milestone in the treatment of HCV infection.[@b12-gnl-13-191] In addition, pharmacokinetics of these DAAs showed that they are metabolized in the liver and excreted into the bile ducts.[@b13-gnl-13-191],[@b14-gnl-13-191] The elimination of DAAs is thus not affected by renal dysfunction. The combination therapy is available in HCV patient with hemodialysis.

However, there is lack of data of safety and efficacy of DAAs (especially DCV-ASV) available in patients with severe renal impairment (creatinine clearance \<30 mL/min) in recent HCV treatment guidelines.[@b15-gnl-13-191]--[@b17-gnl-13-191] Therefore, we evaluated the efficacy and safety of DCV and ASV in patients with HCV infection on hemodialysis.

MATERIALS AND METHODS
=====================

1. Study design and populations
-------------------------------

This open-label, multicenter, interventional, prospective single-arm study compared the efficacy and safety of the DCV-ASV combination with those of pegylated interferon and ribavirin.

We prospectively enrolled 21 HCV-infected ESRD patients on hemodialysis at 10 medical centers from February 2016 to April 2017. Subjects who met all of the following inclusion criteria were enrolled: (1) adult male and non-pregnant, non-lactating female subjects, aged ≥18 years; (2) documented evidence of chronic HCV infection (e.g., HCV RNA-positive and HCV genotype 1b); (3) no history, sign or symptom of decompensated liver disease; (4) hemodialysis; (5) no baseline mutation NS5A polymorphism including L31F/I/M/V and Y93H; (6) HCV treatment-naïve, defined as never having received HCV treatment with an approved or investigational drug (including vaccines); (7) or HCV treatment-experienced, defined as having received HCV treatment with a pegylated interferon-based drug regimen (with or without ribavirin and not including DAAs). The exclusion criteria were: (1) evidence of a medical condition contributing to chronic liver disease other than HCV or seropositivity for human immunodeficiency virus or hepatitis B virus; (2) diagnosed or suspected hepatocellular carcinoma or other malignancy; (3) a history of, evidence of current clinical hepatic decompensation (e.g., ascites, encephalopathy or variceal hemorrhage); (4) receipt of solid organ or bone marrow transplant; (5) significant renal, cardiovascular, pulmonary, or neurological disease, or uncontrolled diabetes or hypertension; (6) currently receiving immune suppressive therapy (e.g., corticosteroids), investigational agents, nephrotoxic agents, or agents that affect renal excretion; (7) known hypersensitivity to the study drugs or their metabolites; and (8) current alcohol or substance abuse.

The study consisted of a 24-week treatment period followed by a 12-week posttreatment. Treatment regimens were fixed doses of DCV (60 mg once daily) and ASV (100 mg twice daily). The patients were followed-up at weeks 4, 12, and 24 (EOT) and weeks 12 after EOT. Physical examinations, tolerability, and laboratory tests were performed at each visit. Patient records were de-identified and anonymously analyzed. This study was conducted in accordance with the Declaration of Helsinki, and ethical approval was obtained from the Ethics Review Board of the Catholic University of Korea (XC15MIMV0076D). The study was registered with U.S. [ClinicalTrials.gov](http://ClinicalTrials.gov) (Trial ID: NCT ID NCT02580474).

2. Endpoints and definitions
----------------------------

The primary endpoints were SVR12 and safety. An SVR12 was defined as an HCV RNA level below the lower limit of quantification (15 IU/mL). Safety was evaluated by investigating adverse events (AEs) (e.g., anemia, skin rash) and discontinuation of the study medications.

The secondary endpoints were: virologic response at weeks 4, 12, and 24 (EOT); normalized alanine aminotransferase (ALT) level; and treatment failure including viral breakthrough and relapse. Any patient who met either of the following criteria was considered to have on-treatment virologic failure and was required to discontinue treatment: an increase in the HCV RNA level \>10^2^ IU/mL after having an undetectable HCV RNA level; or a confirmed increase in the HCV RNA \>1log~10~ from the nadir during the treatment period.

3. Statistical analysis
-----------------------

The primary endpoint of this study was the SVR12 rate, which was compared to that of pegylated interferon. Previous Korean retrospective study showed SVR12 rate was 65% in genotype 1 HCV patients with ESRD.[@b18-gnl-13-191],[@b19-gnl-13-191] Because there was no reference of SVR12 rate for the treatment of DAA in ESRD patients at that time of study, we estimated expected SVR12 rate based on the result of the Japanese study. In that study, DCV and ASV combination therapy showed SVR12 rate of 96% in relapsed patient group.[@b20-gnl-13-191] Therefore, we calculated and designed 95% based on this result because our study group is difficult to treat HCV. We calculated that a sample size of at least 14 patients would provide 80% power to differentiate SVR12 rates of 65% and 95% by a two-sided test at a significance level of 0.05.

The primary endpoint was analyzed after all enrolled patients had completed the week 12 posttreatment visit. We analyzed treatment efficacy and safety in intention-to-treat (ITT) and per-protocol (PP) populations. In the ITT analysis, we evaluated the SVR12 rate in all patients who received at least one dose of the study medication. The PP analysis was performed after excluding patients who discontinued treatment for administrative reasons.

RESULTS
=======

1. Baseline characteristics of the study population
---------------------------------------------------

Twenty-six HCV patients with hemodialysis were prospectively screened. Of them, 21 patients were enrolled in the study and other five were excluded due to screening failure (n=3) and withdrawal of consent (n=2) ([Fig. 1](#f1-gnl-13-191){ref-type="fig"}). The baseline characteristics of the enrolled patients are shown in [Table 1](#t1-gnl-13-191){ref-type="table"}. All patients were infected with genotype 1b HCV. The median age of the patients was 59 years, and 61.9% (n=13) were males. Four patients had compensated liver cirrhosis; the others had chronic hepatitis. In one patient, the presence of NS5A polymorphisms at baseline, including L31F/I/M/V and Y93H, was indeterminate. The most frequent causes of renal dysfunction were diabetes mellitus (DM; 76.1%, 16/21) and hypertension (95.2%, 20/21). Three patients had previously received pegylated interferon-based therapy; the others were treatment-naïve.

2. Treatment efficacy
---------------------

During follow-up, 17 patients with ESRD completed 24 weeks of combination therapy and 16 patients had a sustained virologic response at 12 weeks. One patient who had a virologic response (HCV RNA \<15 IU/mL) at the EOT was lost to follow-up at 12 weeks posttreatment. In the ITT analysis, treatment with DCV and ASV for 24 weeks resulted in an SVR12 in 76.1% of the patients (16/21 patients) ([Table 2](#t2-gnl-13-191){ref-type="table"}). Two patients were reported to have virologic breakthrough; the baseline NS5A mutation status of one was indeterminate and the other patient did not comply with the treatment due to AEs. In addition, two patients did not complete the treatment due to AEs not related to the study drug.

Five patients who discontinued the treatment for administrative reasons (baseline indeterminate NS5A mutation \[n=1\]; nonadherence due to AEs, considered unlikely to be related to the study drug by the investigator \[n=3\]; and loss to follow-up \[n=1\]) were excluded from the PP analysis; in that analysis, patients who completed the DCV and ASV treatment exhibited an SVR12 rate of 100%. The virologic response rates at weeks 4, 12, and at the EOT were all 100% respectively ([Fig. 2](#f2-gnl-13-191){ref-type="fig"}).

3. Safety and tolerability
--------------------------

Seventeen patients (80%, 17/21) completed 24 weeks of treatment. The majority of AEs were of mild or moderate severity; the most common (\>5%) were dizziness, dyspnea, and constipation. There was no episode of elevated ALT or total bilirubin during study period. However, grade 3 anemia (hemoglobin levels ≤8.9 g/dL) was occurred in four patients (19%), possibly due to underlying renal disease ([Table 3](#t3-gnl-13-191){ref-type="table"}).

Three patients discontinued the study medication due to AEs (14.2%). AEs related study discontinuation was dizziness, dyspnea, and neutropenia. All patients showed virologic response (HCV RNA \<15 IU/mL) at week 4. Patients with dizziness or dyspnea showed no evidence of abnormality of electrocardiography, chest X-ray, and medication with risk of drug-drug interaction. They stopped study medication due to symptoms related nonadherence. One of whom discontinued the treatment died. This patient showed neutropenia (absolute neutrophil count \<500). After discontinuation of study drugs, he was diagnosed, by bone marrow biopsy, with acute myeloid leukemia; unfortunately, this individual died from the disease. However, this was not associated with the study medication.

DISCUSSION
==========

In the era of interferon treatment, treatment of HCV infection in patients on hemodialysis is hampered by poor tolerability and low SVR rates. Recently, new paradigms shift of HCV treatment from pegylated interferon-based therapy to DAAs showed high SVR rates, less toxicity, and good tolerability. DAAs have been used successfully in difficult-to-treat HCV patients including those with treatment failure, decompensated cirrhosis, and post-transplantation. We report that DCV and ASV combination therapy is efficacious and safe in patients with genotype 1b HCV infection on hemodialysis.

In this study, 21 patients with HCV genotype 1b infection on hemodialysis received 24 weeks of DCV and ASV. The SVR12 rate was 76.1% with follow-up loss after EOT (n=1), discontinuation due to AEs unrelated to study medications (n=3), and virologic breakthrough (n=1). Indeterminate NS5A polymorphisms at baseline might have played a role in the virologic breakthrough. However, all patients who followed up at 12 weeks after EOT achieved 100% SVR12. Therefore, DCV and ASV combination therapy may be effective in the treatment of genotype 1b infected HCV patients on hemodialysis

The SVR12 rates in this study are not consistent with those reported in genotype 1b HCV patients with normal renal function.[@b12-gnl-13-191],[@b21-gnl-13-191] In real-life clinical practice of Korea, the SVR12 rate is 89.5% in all patients and 91.5% in those without baseline NS5A resistance-associated variants (NS5A RAVs) mutations.[@b12-gnl-13-191] In Japan, the SVR12 rate of patients with HCV genotype 1b and ESRD is reportedly 95.5% to 100%.[@b22-gnl-13-191],[@b23-gnl-13-191] This inconsistency of our study can explain as following: First, it is important to clarify and identify the baseline NS5A polymorphism before treating DAAs. Second, it is also an issue to monitor and manage the tolerability and safety in difficult-to-treat patients.

Some naturally occurring HCV polymorphisms that reduce DAA activity *in vitro* may affect the SVR12 rate, depending on the antiviral drugs used.[@b24-gnl-13-191] The prevalence of NS5A RAVs in the HCV genotype 1b-infected Korean patients is 10% to 13%.[@b12-gnl-13-191],[@b21-gnl-13-191] The presence of baseline NS5A polymorphisms, including L31F/ I/M/V and Y93H, reduced the SVR12 rate in HCV genotype 1b-infected patients treated with DCV and ASV to 35%--40%, compared to 95% in those without such polymorphisms.[@b21-gnl-13-191] The sole patient who showed treatment failure in our study, this patient was a 62-year-old man without cirrhosis, and indeterminant NS5A mutation status at baseline despite repeated testing. He showed a partial virological response at week 4 (HCV RNA 5,350 IU/mL compared to 143,000 IU/mL at baseline). However, his serum HCV RNA level at week 12 showed a virological breakthrough (a confirmed increase in the HCV RNA more than 1log10 (42,300 IU/mL) from the nadir), although the combination therapy has continued. Therefore, NS5A RAVs should be identified at baseline, and other DAA regimens may be more suitable for patients with indeterminate RAVs.

Tolerability is also an important issue in difficult-to-treat patients. The patients who discontinued the study medication experienced AEs including dizziness, dyspnea, and neutropenia. These AEs were likely not associated with the study medications. However, these patients have relatively more comorbidities (e.g., hypertension and DM) and a high risk of drug-drug interactions between DAAs and medications prescribed for underlying diseases, even if pharmaceutical reactions are considered. Thus, close monitoring of tolerability and safety is need when treating HCV patients on hemodialysis.

Our study had several strengths and limitations. First, this study is the first prospective Korean study of HCV-infected patients on hemodialysis. There are few data to guide dosing and regimens of DAAs in ESRD (Cr \<30 mL/min).[@b6-gnl-13-191],[@b25-gnl-13-191] This combination regimen may be effective and safe in HCV-infected patients on hemodialysis. However, the number of patients was small, and so a further study is needed. Second, our study highlights that it is important to identify the candidates who can benefit from DCV and ASV combination therapy based on baseline RAVs testing of HCV genotype 1b, to maximize SVR rates and to monitor the tolerability during treatment throughout the difference of SVR12 rate between ITT and PP analysis (76.1% vs 100%, respectively). Third, the limitation of this trial is that DCV-ASV combination in genotype 1b HCV infection is no more recommended regimen, in terms of longer duration of treatment periods, pre-existing and development of resistance associate variants (RAV) of NS5A resulting low achievement of SVR12 compared with recently approved DAA regimens in Korea. Elbasvir+grazoprevir, ombitasvir/paritaprevir/ ritonavir+dasabuvir and glecaprevir+pibrentasvir combinations are better available regimens for Korean patients with genotype 1b, chronic hepatitis C and ESRD.[@b6-gnl-13-191],[@b25-gnl-13-191],[@b26-gnl-13-191]

In conclusion, our data demonstrate the efficacy of the DCV-ASV combination in the treatment of genotype 1b infected HCV patients on hemodialysis. To maximize SVR rates, it is important to identify patients who will benefit from DCV and ASV combination therapy by baseline RAVs testing of HCV genotype 1b. Finally, close monitoring of safety and tolerability is necessary during DCV-ASV combination treatment of HCV-infected patients on hemodialysis.
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![Flowchart of patients enrolled in this study.\
SVR12, sustained virologic response 12 weeks posttreatment.](gnl-13-191f1){#f1-gnl-13-191}

![SVR12 according to intention-to-treat (ITT) and by per-protocol (PP) analysis. The overall SVR12 rate was 76.1% in an ITT analysis and 100% in a PP analysis.\
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###### 

Baseline Characteristics

  Characteristics                         Value (n=21)
  --------------------------------------- --------------------
  HCV genotype                            1b
  Age, yr                                 59 (39--82)
  Male sex                                13 (61.9)
  Comorbidities                           
   DM                                     16 (76.1)
   HBP                                    20 (95.2)
  Median HCV RNA, log~10~ IU/mL           5.18 (1.88--7.20)
  Baseline Hb, g/dL                       11.5 (9.3--14.3)
  Baseline platelet, ×10^3^/μL            138 (55--274)
  Baseline ALT, IU/L                      22 (7--113)
  HCV treatment history                   
   Naïve/experienced                      18 (85.7)/3 (14.2)
  Liver cirrhosis                         4 (19.0)
  Hemodialysis                            21 (100)
  NS5A RAVs mutation (no/indeterminate)   20 (95.2)/1 (4.8)

Data are presented as median (range) or number (%).

DM, diabetes mellitus; HBP, high blood pressure; HCV, hepatitis C virus; Hb, hemoglobin; ALT, alanine aminotransferase; RAVs, resistance-associated variants.

###### 

Virologic Response by Intention-to-Treat Analysis (n=21)

  Virologic response           No. (%)
  ---------------------------- -----------
  Week 4                       20 (95.2)
  Week 12                      18 (85.7)
  Week 24 (end of treatment)   17 (80.9)
  SVR 12                       16 (76.1)
  Virologic breakthrough       2 (9.5)
  Viral relapse                0
  SVR12 by NS5A RAV mutation   
   No NS5A                     16 (80)
   Indeterminate NS5A          0

SVR12, sustained virologic response 12 weeks posttreatment; RAVs, resistance-associated variants.

###### 

Safety of Treatment (n=21)

  Treatment safety                                                  No. (%)
  ----------------------------------------------------------------- -----------
  Serious adverse events                                            10 (47.6)
  Death[\*](#tfn5-gnl-13-191){ref-type="table-fn"}                  1 (4.7)
  Discontinued study medication due to adverse event                3 (14.2)
  Discontinued study medication due to drug-related adverse event   0
  Hemoglobin                                                        
   Grade 1 (10--10.9 g/dL)                                          13 (62)
   Grade 2 (9.0--9.9 g/dL)                                          4 (19)
   Grade 3 (7.0--8.9 g/dL)                                          4 (19)
   Grade 4 (\<7.0 g/dL)                                             0
  Total bilirubin \> ×5 baseline                                    0
  Elevated AST or ALT \> ×5 baseline                                0
  Adverse events                                                    
   Dizziness                                                        2 (9.5)
   Dyspnea                                                          2 (9.5)
   Constipation                                                     2 (9.5)
   Diarrhea                                                         1 (4.7)
   Atrial fibrillation                                              1 (4.7)
   Neutropenia                                                      1 (4.7)
   Pneumonia                                                        1 (4.7)
   Gastric ulcer                                                    1 (4.7)

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

This case was not associated with study medication. The patient expired due to acute leukemia.
